
Prepared for 

CENTER FOR FOOD SAFETY AND APPLIED NUTRITION 
FOOD AND DRUG ADMINISTRATXON 

DEPA,RTM.ENT OF IBALTI-X AND HUMAN SERVICIB 
WASEFINGTON, DC 20204 

under 

FDA Conhct No. 223~88”,2124 
Tack Order No. 8 



t 
t 
t 
D 

D 
1 
D 
II 
I 
I 

1 ff 

SAFETY OF A.MfNO ACIDS USED 

AS DIETARY SUIV%J%IEN’X’S 

July 1992 

Prepared for 

CENTER FOR FOOD SAFETY AND Af’pLIBD NUTRITION 
FOOD AND DRUG ATMINISTRATION 

DEPARTMENT OF HEXLTH AND HUMAN SERVICES 
WASI4INGTON, DC 20204 

under 

FDA Contract No. 223-88-2124 
Task Order No. 8 

edited by 

S. A. Anderson RD., Ph.D. 
D. J. Raiten, Ph.D. 

LIFE SCIENCES RESXARCH OFFICE 
FEDERATION OF AMERICAN SOCIETIES 

FOR EXPERIMENTAL BIOLOGY 
9850 ROCKvII;LE PIKE 

BETEtlIESDA, MARYLAND 20814-3998 



I 

a. Background 

&g&e is a glycogenic amina acid metabolized via ornithine to u-kctogiutarate which can either 
b US& for glucose synthesis or catabolized to produw energy in the TCA cycle (Rodwell, 199Oa). 
A.&nine is needed for tissue protein synthesis, biosynthesis of amino acids and polyamines, 
provision of the amidino group in creatine synthesis, and ammonia detoxification via the urea cycle 
(Rodwell, 1990b,c). Tho amino acid is also a metagogue for several endocrine gtrndB, etimulating 
the secretion of pituitary growth hormone and prolactin, pancreatic insulin, som&ostatin, and 
polypeptidc, and adrenal: catechalaminos. Arginine is a dispensable amino acid; however, in children 
with congenital defects of one of the urea cycle enzymes (other than arginase), arginine becomes ~n 
ossentiaj amino acid, and supplementation of the low-protein diets prescribed for these children is 
required indefinitely (Brusilow and Horwich, 1989). 

L-h&line is synthesized from a urea cycle intermediate, citrulline, primarily in the liver and to a 
leer extent in the kidney. Many of the biologic and pharmacoiogic effeds of L-arginine are shared 
tith the urea cycle intermediates L-ornithine and L-citrulline, L-Arginine shares many transiport 
me&&ems in the hody with L-lysine. For example, together with ornithine and hiitidine, they 
share the system Y carrier for transport across cellular membranes (Skeie et al., 1990). 
Investigations in pigs have shown that arginine and lysine, aa free amino acids, compete for 
abrption in the small intestine CBuraczewski et al., 1970). Similarly, studies in doge have shown 
that arginine and lysine compete for reabsorption from the renal tubules (Kamin and Handler, 195X; 
Webber et al., 1981). Urinary excretion of Iysine WBB alao increased by excess dietary arginine in 
pigs (Southern and Baker, 1982). 

L-Arginine, but not D-arginine, has been reportad to lead to the generation of nitric oxide and 
citr&ina via a deaminaae-like enzyme system (Calver et al., 199a; Moncada et al., 1989). Nitric 
oxide may act as a neurotransmitter in brain, In abnormally high concentrations, it can he toxic to 
neurom (Bredt and Snyder, 199!2). Investigations in vitro systems, animals, and humans indicate 
that a&nine can Berve as a nitrogen source for formation of nitric oxide in brain and other cells and 
in endothelium of blood ve&sels 03&t and Snyder, 1992, Leaf et al., 1989, Palmer and Moncada, 
1996). However, it remains to he determined whether manipulation of oral intake of L-arginine 
can affect nitric oxide qynthesia. It hab been speculated that arginine might exert 8ome effects 0~) 
the immune system by increasing nitric oxide leveig (Barbul et al., 1990). 

Oral or intravenous administration of the hydrochloride salt of arginine may result in acidosis. 
Thuh in any situation in which arginine is administered as the hydrochloride SE& evaluation of 
responses or effecti due to acidosis need to be distinguished fmm possible effects of the amino acid 
ihE. Intraperitoneal injection of arginine hydrochloride has been reported to protect rate 
(d&u&eau et al., 1956; Greenstein et al., 1966; Gullino et al., 1958) and dogs (Najarian and Harper, 
1956) aga;nst ammonia intoxication induced by administration of ammonium acetate or toxic doses 
of other amino acids. A neutralized solution of L-@nine given intraperitoneally at a dose of 
6 mmoVkg prewnted the rise in blood and brain ammonia concentrations in rats induced by insulin, 
pentylenetetmol, or ammonium salts and protected the animala against convulsions (Roherge and 
Cbarbonneau, 1969). In premature infants, supplemental arginine (free base) at 0.5 to 2 mmolflrg 
body weight daily has been shown to counteract the hyperammonemia wmmonly seen in these 
children (Batshaw et al., 1984; Heird et al., 1972). 

b. Animal Studies 

Growth depression has rr~sulted in rats fed low-protein chan&RM intake and, .bo&.-~~&g.&.: 
diets conwining 4, 5, and 7.5 mrcent of added arginine (ELarper et al., 1966; Sauberlich, 1981; 
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Schimke, 1963). Growth depression associated with exceEs arginina was lessened when the protein 
content of the diet was increased and when the protein quality was improved G&per et al., 1870; 
Muramatsu et al., 1971). 

Muramatsu et al. 0971) demonstrated that weight gain over a a-week feeding period was depresaod 
by 16 percent in male weanling Donryu rats fed a 10 percent casein diet with a 5 percent L-arginine 
supplement although food intake was similar to that of control animals, Liver weight and protein, 
DNA, and RNA content were not significantly different from controls. Supplementation of a 
W percent casein diet with 2 percent L-arginine as L-arginine hydrochloride improved post- 
trauma growth but did not result in improved nitrogen retention in male AI?$ Sprague-Dawloy rata 
traumatized by hind leg fracture compared with traumatized rata fed the 25 percent casein diet 
without an amino acid supplement (Pui and Fisher, 1979). 

Addition of 0.94 to 1.63 percent L-srgininr 8~ L-arginine hydrochloride ta diets containing 1.03 and 
1.2 percent lysine did not affect weight gain or feed intake of young growing pigs aver a 28-&y 
period unlem lysine was insuff&nt in the diet (IIagemeier et al., 1983). However, addition of 
4 percent L-a+& free base to diets of young pigs decreased weight gain by 31 percent and food 
intake by 22 Percent over a 16-day feeding period (IEIdmands et al., 198&b). 

: Feeding of 5 percent L-arginine in a 6 percent oasein diet to male weanlig 
ta for 4 weeks resulted in a S-fold increase in plasma arginine (Sauherlich, 

1961). Hyperkaleti and hypermagnesemia in the presence of acidosis developed in bilaterally 
nephrectomized male Sprague-Dawley rats injected intraperitoneally with 490 mg arginine 
hydrochloride, but not in nephrectomized oontrob. The isomer was not specified in thii study. The 
authors interpreted this finding as a demonstration of an arginina-induced flux of these ions from 
intracl?llular to extracellular compartments (Hang et al., 1988). 

, . 
Brh vi ral &U!EB : Male rats of the Wiitar and inbred CDR strains were given a saline wntrof 
so&onO or L-arginine hydrochloride orally at dose levels of 190, 509, or 1090 m&g body weight 
(about &SO, and 120 mg L-arginine for a 169-g rat) 1 hour before behavioral trials for 6 or 7 days. 
CDR rats (a strain with poor learning capacity) were trained to avoid foot&o& presented on one 
side (the aide the rat was in) of a two-compartment shuttle-box. A buzzer preceded the footshock 
by 6 seconds signalling the animal to move from one side of the box to the other. Avoidan= 
behavior was greater in CDR rats given the highest dose than in wntr&. A similar fmding \~as 
reported in a passive avoidance task (in which not making a response wax associated with avoiding a 
shock) af’ter 7 day6 of treatment with the highest dose of L-arginine. In the Wistar rats, 
conditioned avoidance behavior ~a6 not affected although there was an increase in ambulation 
(Drago et al., 19841. 

I$&pine stud& Intravenous infusion of L-arginine (1 mmol/kg body weight or 1.7 g for a l&-kg 
dog} over 15 minutes resulted in significant increaaecr in plasma insulin and glucagon wncentratione 
in 4 fasting dogs CRocha et al., X972). However, in fasting male Sprague-Dawley rats, intragastric 
administration of arginine (142 mg/kg hody weight or 36 mg for a 2!%-g rat) or an equimolar 
amount of aspartic acid did not result in an increaee in plasma insulin, glucagon, or growth hormone 
although administration of an equimolar amount of arginine asp&&e (250 mgkg body weight or 

62 mg for a 250-g rat) produced a significant increase in the concentration of growth hormone 
(Franchimont et al., 1984). 

Immunolodcal studies: Solutions for intravenous hyperalimentation supplying about 290 or 
343 mg/day of L-arginine were administed to adult male Sprague-Dawley rats for 7 days (Barbs) 
et al., 1985). With the higher level of arginine, wound healing was acoelerated and thymic fun&a 
was improved (increased thymic weight, total number of thymic lymphocyteslgland, and mitogenic 
reactivity of thymic lymphmes to phytohemngglutinin and concanavalin A) (Barbul et al., 1985). 
Ingestion of L-arginine hydrochloride as dietsry supplements at Xevsls of 0.6,1,2, and 3 percent for 
6 days significantly increased thymic weight, thymic lymphocyte content, and the in vitro reactivity 
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I 
of thymic lymphocyQ+s in CWJ mice (Barbut et al., 1980). Responses were similar at all levels of 
supplement&on rSarbu1 et al., 1980). Also in the CBA/J mouse strain, arginine supplement&ion 
(1,2, or 4 percent in drinking water providing 60, 120 or 240 m&ay assuming 6 ml consumed; 
immer not specified) resulted in significantly increased thymus weight, spleen cell mitogenesis, and 
inducible nat.ura-I killer cell activity with 1 and 2 percent but not 4 prcent supplementation 
(Reynolds et aL, 1990). However, in other studies (Ronnenberg et al., 19911, ingestion of L-a&nine 
hydrochloride at lev& of 3 percent of the diet did not increase thymus weights and had little effect 
on lymph- proliferation or IL-2 production in healthy young or aged rats. 

S~rvivaI rates decreased with increasing Isvel of arginine supplementation (0, 2, 4, or 6 percent 
a&nine hydrochloride in a parenteral formulation containing 6 percent protein) in 8 female 
Hartley guinea pigs with established sepsis (Gonce et al., 1990). Previous work by this group 
indicated greater resting metabolic expenditure and lower mortality r&es with intragastric tube 
feedings supplemented with 1 and 2 percent arginine but not 4 percent arginine in burn- 
t~u~tized female Hartley guinea pigs for 14 days (Saite et al,, 1987). Ear thickness response to a 
dinitrofluorobenzene challenge OII post burn day 12 showed the best response in tha group giysn 
2 percent arginine. The authors reported that the lack of improvement seen with 4 percent arginiie 
might be considered an adverse sff& and suggested that amino acid imbalance and diiu~bed 
protein metabolism might be important mechanisms for an adverse effect of excess arglnine. 

Mixunuma et al. (1984) reported marked pathofogical changes in pancreas and Gross Da- 
adipose tissue of male wistar rats given a single intraperitoneal injection of L-arwe (5 g/kg body 
weight or 0.75 g for a 150-g rat). Over the 24 to 72 hours after injection, pancreatic acinar cells 
were destroyed selectively; no changes were observed in the islets of Langerhana. The changes were 
described as similar to pancreatic changes observed aftor excess L-methionine. The authors 
concluded that a decrease in protein synthesis in acinar cells resulting from an amino acid 
imbalance was responsible for the pancreatic damage. Over the same time course, peripancreatic, 
epididymal, omontal, and retroperitoneal adipose tissue became necrotic and infiltrated with 
palymorphonuclear leukocytes. Serum lipase activity was significantly increased 24 hours after 
L-arginine iqjection. 

Daily intraperitoneal iqjection of 16 m&g body weight of Teraj.&m and develc!pw 
L-arginine hydrochloride to 18 pregnant rats (about 2.5 &day in a 200-g ret) on days 1 to 6 of 
gestation resulted in hindliib malformations in 43 percent of the fetuses of the arginine-treated 
dams (Naidu, 1973). Information on effects in the control group was not teporbd. The report 
included little experimental detail and it may not be reasonable to attribute teratogenic effects to 
the mmll amount of arginine administered. 

C. Human Studies 

@hemi&&&& The arginine salt of glutamic acid (argininc glutamate) has been used to t,r& 
acute hepatic encephalopathy in doses of 60 to 100 g given intravenously (Toba, 1901; Davey, 1964). 
ln these studies, 1 or 2 infusions of arginine glutamate were given to each patient, No aide effects 
were soen apart from blisters at the site of infusion in 2 of 40 patients and mild side effects were 
rep&,& at infusion rates exceeding 25 g/hour (Davey, 1964). However, oral administration of 25 g 
arginine g1utamat.e to 3 fasting patients (2 with chronic alcoholiarn and 1 with episodic 
enmphalopathy) resulted in an increase in blood ammonia concentration of at least 10 percent 
within 2 hours in all patients. Because of the consistent riss in blood ammonia, the investiga~rs 
concluded that oral and intravenous administration of arginine glutamate did not produce 
equivalent eflects. They further advised against oral administration of @nine glutamate to 
patients with liver disease. 
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Intravenous loading of L-arginine hydrochloride (0.5 g/kg body weigW80 minute supplying 
64 g arginine/kg body weight) 4 hours after feeding in 7 infants 2 to 6 weeks of age (about 2 g of 
arginine in a &kg infant) resulted in an imnediate marked increase in plasma arginine 
concentration, with B peak of about 7000 Itmom (normal range 50 to 100 wol/L). Ornithine 
concentrations also increased markedly but lagged behind the increase in arginine; plasma 
concentrations of other amino acids did not change significantly. Ammonia and urea concentrationa 
and acid-baee balance (pIi and standard bicarbonate levels) did not change significantly with 
arginine infusion (Kraus et al., 1976). It should be not& that the peak plasma concentration in this 
study was about 6 times higher than plasma lovalt in patients with hyparargininemia (see p, 122) 
and remained above 1690 ~mol/L for 2 hours after infunion. Lack of increase in plasma ammonia 
and urea levels wm interpreted by the authors 86 evidence that infants were capable of metabolizing 
this load of arginine without overt adverse effects. 

Metabolic effects of arginine administration and protein resttriction in five patients with liver 
cirrhosis were studied by Bnortl and Gabuzda (1959). Patients were infused intravenously over 
3-hour periods with 20 g L-arginine hydrochloride daily for 6 days. Infusion of L-arginine 
hydrochloride did not have a significant effect an WWWII sodium, chloride, or potassium 
concentrations; however, effecte on blood urea nitrogen and nonprotein nitrogen concentrationa 
varied among the patienta. Urinary chloride excretion WBB greatly increased and nitrogen, 
ammonium, and potassium excretion were also increased. In one patient also given 20 g L-arginine 
hydrochloride daily for 6 days or 16.5 g L-arginine base daily for 6 days, metabolic changes were 
similar ta those described for intravenous infusion. Baertl and Gabuzda (1959) reported that there 
wag no clinical intolerance to L-arginine hydrochloride infused intivenougly or to L-erginine free 
base given orally. Daily oral ingW.icn of 20 g of L-arginine hydrochloride resulted in diarrhea in 
the one patient studied. In the absence of a control group of patients or administration of a placebo 
compound, these results should be interpreted with caution. 

Intravenous administration of arginine hydrochloride (0.5 g&g body weight given over 30 minutes 
or 85 g for a 70-kg person) to 15 normal adulti resulted in a rh in blood potassium (frum 4 r&q/L 
initially to 4.9 mEq/L 99 minutes after infusion) and a fall in blood phosphorus (from 3.5 mg& 
initially to 2 n&L 60 minutes after infusion) (Maesara et al., 1979). Administration of this do8c of 
arginine to 14 insulin-dependent diabetic subjects resulted in a pronounced increase in blood 
potessium concentration to pathological levels (5.8 to 6.5 r&qiL in 9 subjects) and a Bmaller but 
significant decraaae in blood phosphorus concentration (from 3.6 to about 3.3 mg0.J. No signiftcant 
chanm were observed in blood pH, plasma osmolality, or plasma aldosterone Maasara et al., 1981). 
In patients with renal and hepatic insufficiency, infusion of arginiie hydrochloride &o reault,ed in 
life-threatening hyperkalemia (Bushinsky and Gennari, 1978; Hertz and Ricbardacm, 1972). 
IrJomers were not specified in these studia. 

Oral ingestion of L-arginine hydrochloride (100 mg/kg My weight [88 mg ar8inine/kg body 
weight]) by 10 fasted healthy human subjects 20 to 49 years of age resulted in significantly increased 
concentrations of ornithine and arginine compared with 8 control subjects. Giucogenic precur~ra 
(proline and alanine) did not accumulate (Iwasaki et al., 1987). Serum insulin concentration wm 
sQ&kantly increased 20 minutes after ingestion and serum glucose and free fatty acid levels were 
significantly decreased after 1 hour. In contrast, in8Wion of L-ornithine hydrochloride (100 mg/kg 
body weight 179 mg ornithine/kgD by 13 subjects resulted in eigniflcantly increased plasma 
concentrations of praline, alanine, ornithine and arginine and decreased concentrations of valine 
and urea; however, serum insulin, glucose, and free fatty acid levels were not significantly different 
from the control group 1 hour after administration. Serum levels of growth hormone and cortisol, 
were reported unchanged with both treatments but the data were not presented (Iwasaki et ah, 
1987). The report did not include mention of side effects resulting from administration of a single 
bolus of L-arginine or L-ornithine. 
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I 
&dmrine studies: Intravenous administration of 30 g arginina (0.5 g/kg in children) over a 
3Q-minute period has lxx+n given routinely in tests of human insulin response! or pituitary fixictiion 
&lba-Roth et al., 1988; Barbul, 19888; Casanueve et al., 1984; Cordido et al., 1990; Fajans and Floyd, 
1872; Ferrero et al., 1980; Page et al., 1988; Goodner and Porte, 1972). Intravenous injection of 30 g 
L-arginma in 13 fasting healthy adults produced the largest increase in plasma insulin 
concentration of any of 10 single amino acids given, No adverse effects were reported (Floyd et al., 
1966). Differences in arginine-induced responses in insulin and gluoagon concentrations were 
reported far young adult and elderly subjects by Ferrero et al+ (1980). No observations of adverse 
effeots were noted in the reports of these studies. 

In 8 healthy male subjects without history of cardiovascular disease, consumption of a meal 
containing 20 percent soybean oil, 20 percent oasein, and 60 percent CWTI syrup solids supplemented 
with 3 g of arginine and 2 g glycine rem.dted in a sign&ant increase in plasma glucagun and a 
neusignifioant decrease in plasma insulin in oomparison with oonsumption of an unsupplemented 
meal; postprandial plasma choleeterol and triglyceride concentrations were similar with both meals 
(Sanchez et al., 1988). 

bginine asp&ate was administered orally at a level of 2#9 mg/kg body weight (17.6 g/day arginine 
aspart.at.e for a 7O-kg male; 9.9 g/day of arginine and 7.6 g/day of aspartate) daily for 7 days to 6 
healthy male subjects cBc?8sett et al, 1982). The slow wave sleep-related $ravrtth hormone peak was 
about $0 percent higher a&r 7 days of arginine asp&& administration than in the control period. 
Individual increases ranged from 24 to 162 wroent. Nocturnal mean plasma pralactin concentration 
was also higher aftor arginine aspartate infusion. The hormonal changes were not accompanied by 
any deteotable alteration of sleep organization (l3eseet et al., 1982). 

Imune f&n&udiea: Park et al. (1992) reported that the rate of tumor protein synthesis more 
tha.n doubled in breast cancer patients given oral doses of L-arginine free base (30 g/day in 
4 divided doses for 3 days> compared with breast canoer patients not given the amino acid. In 
addition to the significant irmawe ia protein synthesis, the investigators reported a xoarked 
stimulation in the expression of the activation antiph KM in the tumors of the L-a&nine- 
supplemented patients. No difference was found in the plasma insulin con~ntratian, which was 
considered an index of arginine-induoed endocrine stimulation. Most of the tumor in these 
patients were categorized hiiloglcally as invasive ductal oell oaroinomas. Mild diarrhea, whii 
subsided when the supplement wa8 nu longer taken, was reported as a side effeot in 2 of the 
10 women given the supplement. These results are in direct contrast ta studies in animals in which 
administration of L-arginine suppressed tumor growth (e.g., Barbul, 198s; Levy et al,, 19!54; Milner 
and Stepanvich, 1979; Tachibana et al., 1985). 

In a 7-day study of the effect of oral ingestion of 30 g/day arginine hydroohlaride on lymphocyte 
immune response measured in vitro as peripheral blood lymphocyte mitogenic reactivity in 
21 healthy human volunteers, no differences in liver function, BUN, creatine, or blood gluwse were 
found (Barbul et al., 1981). Nausea and diarrhea were reported by 2 and 3 subjects, respsctjvely. 
These side effects responded to lowering the dose ingeested at any one time; the total daily dose was 

not decreased. There was no control group for the study and dietary intake was not controlled or 
monitored. 

The effect of oral arginine supplementation on wound healing and lymphocyte immune responses 
was studied in 36 healthy, nonsmoking human volunteers (Bsrbul et al., 1990). For 2 weeks, 
v&nteers were given 30 g/daily arginine hydrochloride 04.8 g argininc?), 30 g/day arginine 
mpart..ate (17 g argiaine), or a placebo. Diet was not controlled during the experimental period. In 
the nubjocts supplemented with 30 gldaily of srginine hydrochloride, mild hyperchloremic acid& 
developed with eignificant in- in strum chlorida and significant compensatory decreases in 
serum potassium, calcium, and bicarbonate. No increases in blood urea nitrogen or creatinine levels 
were found with either form of arginine supplement. Plasma amino acid analyses showed 
significant increases in aqinine and omithine conoentrations, and a decrease in lyein@ 
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concentration with both arginine supplements. Concentrations of other amino acids were not 
altired by the arginine supplements. During the study, several subjects report& side effects such as 
bloating, mild anorexia, and diarrhea (I3arbul et al., 1990). These were not severe enough to 
interfere with regular activities. Incidence of all occurrences was 1 of 12 subjects given placebo, 3 of 
12 given arginine aspartate, and 6 of 12 given arginine hydrochloride, Subjects were instructed to 
space intake of supplements throughout the day but this was not ria;orously controlled, The 
investigators attributed the occurrence of side effects to the large osmotic load. 

In studies of mitogx?nic reactivity of peripheral lymphocytes of normal subjects fed 30 g of 
L-arginine hydrochloride daily far 1 to 2 weeks, no adverse effects on liver function were identified. 
Diarrhea and nausea that occurred at higher doses did not recur with lower doses (Barbul et al., 
1981). 

In pastrrurgical patients, eupplementation of an enteral diet with 25 g of L-arginine daily for 7 days 
significantly improved the mean CD, phenotype (percent T-cells) and the mean T-lymphocyte 
response to concanavalin A compared with a glycine-supplemented group given the same diet (‘Daly 
et al., 1988). 

Tiwary et al. (1973) reported an apparent anaphylactic reaction in a child ten years of age following 
infusion of 100 ml of a commercially available 6 percent arginine hydrochloride solution 
(approximately 6 g arginine given over 12 minutes). All signs and symptoms of the reaction had 
abated in 2 hours. No description of treatment for the reaction was given. 

. Functmnad m: Intravenous infusion of 60 g of L-arginine in 500 ml of in&ate over 40 tn 
60 minu& resulted in an increase in excretion rate of albumin from a baseline level of 
8.6 &minute to 142 dminute in 5 healthy men (Mogensen et al., 1975). Administration of graded 
doses of L-arginine (3,6,9, or 12 g) to 6 healthy subjects resulted in significant increases in albumin 
excretion at each dose levei (5.8 CIfSlminute baseline, 9.4 &minute with 3 g, 13.2 @minute with 6 g, 
21.6 crg/nxinute with 9 g, and 33.9 pg/minute with 12 g arginine). Doss-related signticant incresses 
in light chain immunoglobulin and /I-microglobulin were also seen with increasing doses of 
L-arginine (Mogensen et al., 1975). 

A single intravenous injection of 6 g L-arginine in 5 nonfasting young male subjecta caused an 
immediate inhibition of tubular protein reabsorption, resulting in significantly increased urinary 
excretion of albumin, light chains, and beta-2-microglobulin (Mogensen and Solling, 1977). The 
authors reported that tho single injection of thii amount of arginine did not result in untoward 
effects. The response to arginine was lower than the response to an equimolar injection of L-lyeine, 
the mo& active of the compounds tested. Injection of 1.5 g L-arginine also eignificantly in& 
@-microglobulin excretion but in&&ion of equimolar amountg of other L-amino acids (leucine, 
valine, proline, histidine, methionine, aspartic acid, glycine, aerine, phenylalanine, or tryptoplmn) 
did not increase excretion of this protein. Intravenous injection of 2.4 g L-ornithine, which shares 
many of the biologicai effects of L-arginine, resulti in a significant elevation in excretion of light 
chains and /I-microglobulin but not albumin. Injection of an equimolar amount (3.2 g) of citrulliie, 
a pmraor of arginine in the urea cy&, had no inhibitory effect on tubular reabsorption of any of 
the proteti @Iogener?n and tilling, 1977). 

GFR, IWF, and plasma glucagon concentrations were compared when 30 g arginine hydrochloride 
(24.9 g arginine) WELT given orally or the same amount of arginine hydrochloride or glucagon 
(10 n&g body weight/minute) was given intravenously to 6 normobngive subjects with no history of 
renal disease (Smoyer et al., 1991). The peak GFR was higher with oral adminiitration of arglnins 
than with intravenous arginine or glucagon, despite a lower peak glucagon concentration. Both oral 
ar&ine and intravenousr glucagon, but not intravenous arginine, significantly increased I?PF. 
Plasma concentrations of the gastrointe$tinaf hormones @a&in, neurotemzin, and pancreatic 
polypeptide) did not differ with either route of arginino administration (Smoyer et al., 1991). These 
findings suggest that where arginine supplements are given, the route of administration may be 
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important with respect to changes in renal function; however, care must be exercised in 
extrapolating between effecte observed with boll intravenous infusions and oral intakes of similar 
or smaller amounts. 

Intravenous injection of both isomers of arginine have been reported to induce hypotension in 
humans (Calver et al., 1990, N&&i et al., 19901. Doses producing hypotensive eff& were 
640 ~ol(111 mg) given in 4 minutes to 10 healthy normotensive subjects and 2.4 mmol(415 mg)/kg 
body weight (30 g for a 7O-kg subject) given over 30 minutes to 5 normotemive and 6 hypertensive 
subject+ respectively. Suggested mechanisms have included vasodiktiun mediated by endothelium- 
derived relaxing factor (EIXF) (Nakaki et al., ISSO), by nitric oxide formed endogenously from 
L-arginine (Hishikawa et al., 19911, by other unspecified erginine-mediatad vaaodilation 
mechanisms (Calver et at, 199(I), and arginine-mediated histamine release (Paton, 1990). 

Eighteen males aged 27 to 67 years ingeeted 1 g each of arginine and ornithine daily in 2 divided 
doses taken apart from meale 6 days per week for 6 we&s in a randomized plaoebo-controtled, 
double-blind study of the effe& of these amino acids on body composition in combination with a 
weight training program (Elam, 1988). With the combined treatment body mass and body fat we* 
reduced significantly more than with weight training and placebo. No information was given on 
dietary intakes of the subjects. 

In another study with the same experimental protoool, 22 males with a mean age of 37 years 
consumed the same doses of L-arginine and L-ornithine while participating in a strength-training 
program (Elaro et al., 1989). Subjects were asked to maintain their usual eating habita Total 
strength and lean body mass were increased significantly and urinary hydroqzroline excretion was 
decreased significantly in the ~BXX~ taking the amino acid supplements. Neither study included 
mention of side effects of the L-arginine and L-ornithine supplemente @Jam, 1988; Elam et ah, 
1989). 

Investigations of orally adminmistered arginine (0.6 to 4 g/daily) for as long as 12 weeks as a 
treatment for male infertility have not shown consistent effects of arginine on sperm aluflt or 
motility (De Aloysio et al., 1982; Pryor et ai., 1978; Schachter et al,, 1979; Tanimura 1967). Weight 
increase, digestive troubles, and sleepiness were reported as rever8ible, dose-related side effects in 
subjedrr treated with 9 or 18 g arginine aspartate (5 or 10 g arginine) daily for 80 days (De Aloysio 
et al, 1982). 

Solomons et al. (1971) reported that there were “no important side effeets~ attributable to oral 
administration of buffered arginine with treatment of L-arginine (m&d in a ratio of 0.9 g 
L-arginine free base to 16 g of L-arginine hydrochloride) for 14 patients with cystic fibrosis (1 to 
19 years of age) for 10 days, The maximum daily dose was 25 g, given in in &tempt to improw fkt 
absorption. 

Side effeots of nausea in 2 patients with chronic liver disease and slight facial etiffnm and 
par&be& in 1 of these patients were reported with intravenous infusion of arginine glutamate 
(13.6 g L-arginine and 12 g L-glutamic acid) at a more rapid rate than 25 g/hour (Davey, 1964). No 
side effects occur& when the rate of infusion was reduoed 

urs of m&u: Argininemia is a metabolic disorder resulting from a deficiency of 
argnase aotivity. In addition to high plasma levels of arginine, the enzyme deficiency results in 
increased plasma and urine ooncentrations of erotic acid, and intormittentiy. mild hyperammonemia 
(Bru&ow and Horwich, 1989; Yoshino et al., 1982). Clinical manifestations of the diirder include 
recurrent vomiting, seixures, spastic diplegia, psychomotor retardation, and delayed physical growth 
(1Ksng et al., 198s). Fleated plasma levels of both arginine (as high as 1600 prnovL or 261 mgls 
nod range 60 to 100 pol& or 9 to 17 m&) and ammo& (3 to 4 times normal levela) may be 
responsible for these occurrence@. CSF conmntrations of arginine (normal range 10 to 30 mol/L or 
1.7 to 6 mg/L), as well as ornithine, aspartate, threonine, glycine, and methionine, are also 
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The dibasic amino acids share common transport systems at the blood-brain barrier and renal 
tubules+ CSF lysine concentrations were reporw ta be low in one patient k&ore, but not during, 
treatment with 8 diet low in arginine 03rockstedt et al., 1990). However, lysine loads (250 mg/kg 
body weight; isomer not specified) given to normal subjects or patients with hyperargininemis did 
not result in decreased plasma arginine concentrations (Kang et al., 1983; Micheb and Beaudet, 
1978; Snyderman et al., 1977). Oral lysine treatment (250 mg/kg body weight/day) of one child with 
byperargininemia for 6 months resulted in an increase in arginine and a decrease in ornithine in 
CSF (ting et al., 1983). 

Rmmltg of biochemicsll and hematologicai investigations were reported in 1 untreated patient with 
hyperargininemia (plasma and CSF arginine concentrations of 907 pal/L, and 78 voVr, 
respectively) (Brockstedt et al+, 1990). Blood chemistry, including electrolytes, creatinine, protein- 
&ctrophoresis, creatine kinase, alkaline phosphatase, LDH, glucose and ceruloplasmin was withi 
no-1 limits. The patient exhibited a mild hyperammonemia and a Iow plasma concentration of 
urea. Hemoglobin concentration, hematocrit, erythrocyte sedimentation rate, red cell marphology, 
platelet count, and leukocyte differentiation were reported to be normal in this subject. 

d. Summary and conclusions 

m$&: In animal studies, additian of 4 to 7 percent of L-arginine to the diet haa resulted in 
growth depression of rats and pigs. One study in rats and ons study in humans have shown little 
behavioral effed of a&&a given orally; however, these studies were very limited in scope. 
Administration of arginine resulted in elevated plasma potassium concentrations in animals and 
humans, reaching pathological level8 when about 30 g was given to persons with diabetes mellit,ua or 
renal insufficiency. Arginine ig known to be a secretagogue for sew& endocrine @an& 
intravenous infusion and ord administration of 3Og arginhe as a single dose resulted in 
hypotensive eff&, stimulation of insulin, glucagon, and growth hormone secretion, and increaeed 
glome&w filtration rats in humana. 

The r&a of tumor protein synthesis and expression of an activation antien were si@frcanty 
increased in women with breast cancer given 30 g L-arginine for 3 days. These remIts am in direct 
contrast to results of animal studios showing decreased tumor growth. In studies of immune 
function, administration of 25 and 30 g/day of arginine has not produced changes in liver function or 
plasrw biochemical parameters in healthy humans, although a mild metallic acjdo& was repay 
following oral administration of arginine hydrochloride in humane, Administration of @he to 
rats orally and intravenously has enhanced certain aspects of immune function at levels of dietary 
addition 86 high 8~ 3 percent by weight+ but not at 4 percent., suggesting that there may be an uppet 
limit for augmentation of immune function by argjnine, 

Investigations in children with argininemia eugge~t that high plasma and srebTi& fluid 
concentrations of arginine early in life result in adverse effe& an neuro1ogica.j development and 
growth. It appertre that eflect.s of high levels of arginine may result from competition of artin& 
with ly&m for uptake and utilization in tissues as well as by other mechaniwns. 

Safe levels of humpn intake: The safety of excess arginine may be affected by Iysine intake as well 
es the total amount of protein consumed. Daily intakes of arhine and lysine from dietary protein 
are about 5.4 and 5.0 g, reqx+ctively, for a person consuming 100 g protein. 

Arginine ghhamate given intravenourrly in doses of 50 to 100 g had few side effw in patie& with 
he&c encephalopathy; however, oral doses of 25 g arginine glutamate resulted in increased blood 
ammonia concentration in patient.6 with liver disease. Long-term supplementation af the diets of 
children with cc?rtain inherited disorders of the urea cycle with 0.4 to 0.7 g/kg daily of a.rgjnine free 
b has not resulted in adverse effec& Side effects were not reported with daily doses of 1 g 

8 
8 
a 
8 
8 

I 

124 

- 
1 



L-arginine in combination with 1 g L-ornithine given 5 days per week for 5 W&B. Intravenous 
infusion of 30 g of L-arginine hydrochloride in a single bolus has been used clinically to evaluate 
insulin and pituitary hormone secretion. Although intravenous administration appears to be well- 
tolerated, increased plasma concentrations of potassium, particularly in diabetic individuals and 
persons with renal insufficiency, is of concern. 

Oral intake of arginine aspetite (5 and 10 dday of arginine) over an 80-day period hss been 
reported to result in dose-related weight increase, digestive troubles, and sleepiness. Oral intakes 
of about 20 to 30 &lay of L-arginine hydrochloride for 7 to 14 days have resulted in gastroint.eatirmI 
side effects (nausea, bloating, mild anorexia, and diarrhea), However, results of a recent study 
indicated that ingestion of 30 g/day of L-arginine as the free base resulted in stimulation of tumors 
in women with breast cancer. Although most studies have suggested that ingestion of as much as 
30 g/day of arginine produced few side effects, the report that tumor growth increased with daily 
inwstion of 30 g L-arginine raises concern about its use as a dietary supplement. The.YQqert Panel 
considered these results of particular importance because it is likely that a study of this type will not 
be repeated boc.ause of ethical considerations. Therefore, it is not possible to conclude that use of 
L-arginine as a dietary supplement is not associated with adverse health effects. The Expert Panel 
is well aware that L-arginins haa numerous uses medically, including treatment of inborn errors of 
metabolism and other disorders. Such treatments under medical supervision are outside the scope 
of this report. L-Arginine as a dietary supplement should be used only under responsible medical 
Bupetision. 
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